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The inventron relates to a method for continuous 
production of thermoplastic polyurethane elastomers 

Improved homogeneity and fusing properties, 
whereby one or several polyisocyanates (A) and a 
mbcture v4th a ZerewRlnoff active hydrogen atom (B) 
consisting of B1) an eqi^lent 1-85 % fm relation to 
Isocyanate groups In (A)) cf one or several compounds 
with an average of at least 1.8 Zerewitinoff acgve 
hydrogen atoms and an average molecular weight M n 
of 450-1000; 82) an equivalent 15-99 % Qn relation to 
the Isocyanate groups in A)) of one or several chain 
extenders with an average of at least 1.8 Zerewitinoff 
hydrogen atoms and a molecular weight of S0*4(K), In 
addition to 0-20 wt % On relation to the total amount 
of TPU) of other auxiliary agents and additives (C) 
are mixed in a homogeneous manner In a reactor over a 
maximum period of 5 seconds, whereby there is a 
temperature difference . of 20^ C between constituents 
(A) and (B) before they are brought together In the 
reactor. 
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(57) L'inventioii ccmceme uri proc6d6 pour la production 
cn continu d'61astcmtes polyurdthancs 
thexmopIasUques pr^senlanL une homog^ndii^ et un 
compoitement de lesion am^lioi^. Dans ce pioced^, un 
on plusieurs polyisocyanates (A) et un melange B 
prisentant des atomes d'hydrog^ actif participant k la 
reaction dc Zcrcvitinov, consdtub dc BI) I a 85 % cn 
Equivalent, parrappoit aux groupes i:K>cyaiiate dans (A), 
d'un ou plusieurs compost a\'ec en moyenne au moins 
1,8 atomes d*hydiog^ actif participant k la reaction de 
Zerevitinov et un poids mol^culaiie moyen Kl^ de 450 ^ 

10.000. B2) 15 a 99 % en Equivalent, par rapport aux 
(nuupus isocyanatc daxis (A), d'un ou plusicurii 
elloageurs de chaine avec en moyenne au moins 1»S 
atomes d*hydrogeae actif paiticipant a la reaction de 
Zerevitinov et un poids mol^ulaire de 60 a 4(X), ainsi 
que de 0 a 20 % en poids, par rapport A la quantity totale 
dc polyuiclhancs Ihcimoplastiqucs, d'aulrci^ adjuvants ct 
additifs (C), sent m^ang^ de maniere bomogine dans 
un r6acteur pendant une dur^ maximale de 5 secondes, 
les temperatures des consdtuants (A) et (B) prfeenlant un 
dcart <20 '^C avant leur reunion dans 1e r^acceur. 



(57) llie invention relates to a method for continuous 
production of thermoplastic polyurcthanc elastomers 
with improved homogeneily and fusing properties, 
whereby one or several polyisocyanates (A) and a 
mixture with a Zerewitinoff active hydrogen atom (B) 
consisting of Bl) an equivalent 1-85 % (in relation to 
isocyanatc groups in (A)) of one or several compounds 
with an average of at least 1.8 Zerewitinoff active 
hydrogen atoms and an average molecular weight of 
450-1000; B2) an equivalait 15-99 % (in relation to the 
isocyanate groups in A)) of one or several chain 
extender?? with an average of at least 1 .8 Zerewtinoff 
hydrogen atoms and a molecular weight of 60-400, in 
addition to 0-20 wt. % (in relation to the total amount of 
TPU) of other auxiliaiy agents and additives (C) are 
mixed in a homogeneous mann^ in a reactor over a 
maximum period of 5 seconds, whereby there is a 
temperature difference of <20* C between constituents 
(A) and (B) before they are brought together in die 
reactor. 
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(S4)mti METHOD FOR PR0DIK3NG THERMOPLASTIC P<X,YURE111ANB ELASTOMERS 

(54) Bex^Chirai^ VERFAHRBN ZUR HERSmLUNQ V<^ THERMOPLASTISCHBN PQLYURETUANELASTOMEREH 
(57)Ahstraet 

Tbe invemioii relates to a methcKl f» ooniauous production at tfaeimo^attic polyuitdkane elastomm whfa fanproved homogcotity 
and IU&b2 pnfotles, wbneby ooD or levend p(d^l^ 
Bl) on eqoWaleat 1--85 % (ia relation to isoQ^itttB groq» to 

active faydtK^ atoms aod an avo^gie molecular wbIi^IIb of 4S&«1CXN1( B2) an eqnivdeiil 15-99 % On relation to die bocyanategioiipa 
in A}) of one or several chain exteadea wi& aa avo^ie i« le^ 

addldfltt to 0-20 wt % (in relate le the total amomtt of TPU) of odier anxQiary a^ots and addldvet (Q a» mixed b a hom o gjene o o a 
manner In a reactor over a nnxfannni period of 5 secooda, wberdiy dieia la a tefl^iatmo diftoeocetf^' Ctetween oonMitoeota W 
and (B) befoie ^ are bnmslit logedier In die reactor. 

Veriiafaxta zur Icootinuiedicben Heisielhing dieimoplaidBcbar Poiyiuedianelastomere mk veibeaseiter Homo^emtat und veibesaertem 
Au&chmelzveihaltea, bel dem eis oder mdoexe Polyisocyanate (A) und ebe zestwitlnoffakdva WssserBttfrbtome aslWebendD AfiBdiung 
(B)au8Bl) 1 b!a8S Ax;iiivalejii-%,baogeaaxifdielsocyanatgnjppea(n(^^ 

1,8 zeiewMnoiraktiven Wasserstoflatomen and ctnem mitdcien McdekulaigewJcht 1^ von 450 lOOOQ, B2) 15 Ms 99 AquivalesM6 
(Jbezogoi auf die Isocyanatgiuppeo b (A)) doer oder mehieier KetteaveriSngefungsmittcl mil im Mhtd mindcsieoa 1,8 xerewjtfnof&blvea 
Wasseisto^&tomefl und einem MbleloilugftWkM von 60 bis 400^ aowie 0-20 Gew.-^, bezogea aof die Gesamtmenge an IPU, weiteier 
HOfe- und Zusamtoffe (Q in eincm RcaSctor inncrhalb voii maxiinal 5 Schmden homogcn vermlscht weiden, woliei de T top e ratu i en der 
Komponenten (A) und (B) vor der ZusammenfDhiimg ira Reaklor eine Vifktaa < 20 C aufWeisen. 
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Process for preparing thcnnoplastic polvarethane elastomers 

The pzeseni iovention relates to a process for prq>ariiig thermoplastic polyurethane 
5 dastomers, the products lesdtingtherefipom and their iise. 

Thermoplastic polyinetbanes (TPU) are used veiy widely because they have good 
elastomer properties and can be readily processed. A very wide range of mechanical 
properties can be produced by suitable selection of the componrats* A reyiew of 
10 TPUs, their prop^es and implications is given e.g. in Kunststofie 68 (1978) 819» 
Kautschuk, Gummi, Kunststolfe 35.(1982) 569; G. Becker. D. Braun: Kunststoff- 
Handbucb, vol. 7 'Tolyurethane'* Munich^ Vieima, Carl Hanser Verlag 19S3. A 
review of methods of preparation is given in Plastikverarbeiter^ (1989). 

IS ^ TPUs are generally buiU up fiom linear polyols, such as polyesterpolyols or 
poly^expolyolSy organic diisocyanates and short chain, generally difimctional, 
alcohols (chain lengtheners). They may be prepared batchwise or continuously. 

The continuous extrusion process has been known for some time. In fiiis process the 
20 starting materiala are metered into a screw reactor, polycondensed there and then 
conv^ed into a uniform granular form (US*A 3 642 964, DE-C 23 02 564, DE^ 25 
49 371. DE-A 32 30 009, EP-A 31 142). 

The ^ctrusion process is comparative^ simple, but has the disadvantage that the 
25 starting materials axe mixed only m the reactor and under conditions under which 
polyaddition occurs extensive^, which means that inhomogeneities and dius 
undesired, and uncontrollable, secondaiy reactions may occur. 

EP-A 554 718 and EP*A 554 719 propose improving the extrusion process by 
30 feeding the starting materials mto a nozzle and mixing them before entrance to the 
extruder. Since however the polyaddition reaction occurs only in the extruder, the 
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pioducts resulting firom this piocess also have inbomograeities which become 
obvious in particular in extrusion products such as fifans. 



Methods of preparation are also known fiom the prior art in which the starting 
5 materials are firet mixed in a mixing zone at temperatures at i^ch no polyaddition 
takes place and then reac^ with each oth» in a reaction zone which has the desired 
reaction temperature. The mi»o£ said reasAon jwnes »p prrfe^ 
static mixers (DE-A 28 23 762. EP-A 747 409, BP-A 747 408). 

10 It has now been found that TPUs with inqroved homogeneity and improved melting 
characteristics can be obtained when the difference between die tonperatures of the 
starting materials used to prepare them is as small as possible prior to the mixing 
process. 

15 Therefore the invention provides a process for the continuous preparation of 
thmnoplastic polyurethane elastomers, in which 



one or more organic isocyanates (A) and 



20 



a mixture (B) containing ZerewitinofT-active hydrogen atoms, comprising 



25 



Bl) 



1 to 85 equivalent*%» with respect to the isoc^anate groups in (A), of 
one or more compounds with on avmge at least 1.8 Zerewitinoff- 

active hydrogm atoms and an average molecular weight Mq of 450 
to 10000, 



B2) 



15 to 99 equivalent-% (with respect to the isocyanate groups in (A)) 
of one or more chain lengthening agents with on average at least 1 .8 
Zerewidnoff*active hydrogen atoms and a molecular weight of 60 to 



30 



400, and 
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0-20 wt.%, wifh Inference to the total amotmt of tPU» of further auxiliaty 
agents and additives (C) 

are hoxnog^oeously premixed in a reactor within a period of at most S seconds, 
wfa^ein the difierence between the tmperatures of components (A) and (B), before 
^tering the reactor, is < 2VC 

Organic isocyanates (A) which may be used include aliphatic, cycloaliphatic> 
axaliphatic, aromatic and heterocyclic polyisocyanates or any .mixtures of these 
polyisocyanates (see HOUBEN-WEYL *'Medioden der oiganischen Chemie", vol. 
E20 ^^Mafcromolekulare Stoffe", Georg Thieme Vcrlag, Stuttgart, New YoA 1987, p, 
1 587-1593 or Justus Licfaigs Annalen der Chemie, 562, pages 75 to 136). 

The following may be mentioned individually, by way of example: aliphatic 
diisocyanates such as ethylene diisocyanate, 1,4-tetramethylene diisocyanate, 1,6- 
hexamethylene diisocyanate, 1,12-dodecane diisocyanate, cycloaliphatic 
diisocyanates such as isophorone diisocyanate, 1,4-cyclohexane diisocyanate, 1- 
methyl-2,4-cyclohexane diisocyanate and l-methyl-2,6-cyclohexane diisocyanate as 
well as the corresponding mixtures of isomers, 4,4'-diisocyclohexylmethane 
diisocyanate, 2,4'-dicyclohexylmethane diisocyanate and 2^'-dicyc1ohexyhnethane 
diisocyanate as well as the corresponding mixtures of isomers, also aromatic 
diisocyanates such as 2,4-toluylene diisocyanate, mixtures of 2,4-toluylene 
diisocyanate and 2,6-toluyIene diisocyanate, 4,4*-diphenylm^hane diisocyanate, 
2,4^-diphenyhnediane diisocyanate and 2,2*-diph»ylmethane diisocyanate, mixtures 
of 2,4*-diphenylmethane diisocyanate and 4,4'-diphenylmethane diisocyanate, 
urethane-modified liquid 4,4'-diphenyimethane diisocyanate or 2,4*- 
diphenyhnethane diisocyanate, 4,4'-diisocyanatodiphenylethane-(l,2) and 1,5- 
naphthylene diisocyanate. U6-hexamethy]ene diisocyanate, 1,4-cyclohexane 
diisocyanate, isophorone diisocyanate, dicyclohexylmethane diisocyanate, 
diphenylmethane diisocyanate isomeric mixtures with a 4,4*-diphenylmethane 
diisocyanate content of more than 96 wt% are preferably used, in particular 4,4- 
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diphenylmethane diisocyanate and l^-n^bthyleae diisocyanate* The diisocyanates 
mentioned may be used sq>arately or as mixtuxes with eadi other. They may also be 
. used together with iq» to 1 S moL% (calculated from the total diisocyanate content) of 
a polyisocyanate^ but the maximum amount of polyisocyanate added should be only 
5 enough to produce a product which can still be themooplastically processed. 
Examples of polyisoc^anates are triphenyhnethane-4>4*»4*'-triisocyanatB and 
polyphenyI-polymetbylenei[K>lyisocyanate$. 

Zetewitinofif-active compounds (Bl) which are used for the process according to the 
10 invention are those with on average at least 1.8 to 3.0 ZeiewitinofF-'active hydrogen 

atCHus and an average molecular weight M . of 4SG to 10000. 

Compounds included here are, in addition to compounds which possess amino 
groiqps^ thiol groins or carboxyl groups, are compoimds with in particular 2 to 3» 
15 preferably 2 hydroxyl groups, in particular those with average molecular weights 

M n of 450 to 6000, especially those with an average molecular weight M „ of 600 to 
4500, eg, polyesters, polyethers, polycarbonates aiui polyesteramides containing 
hydroxyl groups. 

20 Suitable polyether diols may be prepared by reacting one or more alkylene oxides 
with 2 to 4 carbon atoms in the alkylene group with a starter molecule which 
contains two bonded, active, hydrog^ atoms. The following may be mentioned as 
alkylaie oxides: e.g. ethylene oxide, l;2-propylene oxide, qpichlorhydrin and 1,2- 
butylene oxide and 2,3-butylene oxide. Ethylene oxide, propylene oxide and 

25 mixtures of 1,2-propylene oxide and ethylene oxide are preferably used. The 
alkylene oxides may be used separately, alternately one after the other or as 
mixtures. The following may be used, for example, as starter molecules: water, 
aminoalcohols such as N-allgrl-diethanolamines, for example N-methyl* 
diethanolamtne and diols such as ethylene glycol, 1,3-propylene glycol, 1,4- 

30 butanediol and 1,6-hexanediol. Optionally, mixtures of starter molecules may also 
be used. Suitable polyetherols are also hydroxyl group-containing polymerisation 
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products of tetrahydiofiiratL Triftinctiotial polyediers may also be used in 
proportions of 0 to 30 wt.% with respect to the bifimctional polyethers, but at most 
in amounts such that a product which is still thennoplastically processable is 
produced. The substantiaUy linear polyeUier diols preferably have average molecular 
5 weights M „ of 450 to 6000. They may be used either sqiarately or in the form of 
mixtures with each othen 

Suitable polyester diols may be prepared, for example, firom dicarboxylic acids with 
2 to 12 carbon atoms, preferably 4 to 6 carbon atoms and polyhydric alcohols. The 

10 following are suitable, for example, as dicarboxylic acids: aliphatic dicarboxylic 
acids such as succinic acid, ghitaric acid> adipic acid, suberic acid, azaleic acid and 
sebacic acid, or aromatic dicaiboxylic acids such as phthalic acid, isophthalic acid 
and terephthalic acid The dicarboxylic acids may be used sq>arately or as mixtures, 
e.g. in the form of a succinic, glutaric and adipic acid mixture. To prqpare 

IS polyestodiols, it may optionally be advantageous to use the corresponding 
dicarboxylic acid derivatives such as diesters of carboxylic acids with 1 to 4 carbon 
atoms ixji the alcohol group, carboxylic acid anhydrides or caiboxylic acid chlorides, 
instead of the dicaiboxylic acids. Examples of polyhydric alcohols are glycols with 2 
to 10, preferably 2 to 6 carbon atoms e.g. ethylene glycol, diefliylene glycol, 1,4- 

20 butanediol, l,5*t}entanediol, 1,6-hexanediol, 1,10-decanediol, 2,2-dimediyl-l,3- 
propanaiiol, 1,3-propanediol or dipropylene glycol Dep^idmg on the properties 
required, the polyhydric alcohols may be used separately or as a mixture with each 
other. Also suitable are esters of carbonic acid with the diols mentioned, in particular 
those with 4 to 6 carbon atoms, such as 1,4-butanediol or 1,6-hexanediol, 

25 condensation products of D-hydroxycarboxylic adds such as co^iydroxyc^ronic 
acid or polymerisation products of lactones, e.g. optionally substituted co- 
caprolactones. The following are preferably used as polyesterdiols, ethanediol- 
polyadipate, 1,4-butanediol-polyadipate, elh8nediol-l,4-butanediol-polyadipate, U6- 
hexanediol-neopentylglycol-polyadipate, 1 ,6-hexanedtol-l ,4-butanediol-polyadipate 

30 and polycaprolactones. The polyesterdiols preferably have average molecular 
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weights M a of 450 to 6000 and may be used separately or in the form of mixtures 
with each other. 

Zerewitinofif-active compounds (B2) are so-called chain lengthening agoits and have 
5 on average 1.8 to 3.0 ZerewitinofiT-active hydrogen atoms and have a molecular 
weight of 60 to 400. These are understood to inchidet in addition to compounds with 
amino groups^ thiol groups or carboxyl groups, those compounds with two to three^ 
preferably two hydroxyl groups. 

10 Dxols with 2 to 14 caibon atoms are preferably used as chain l^gthening agents» 
such as e.g. ethanediol, 1 ^-propanediol, 1^-propanediol, 1,4-bufanediol, 23- 
butanedioU 1,5-pentanediol, i»6-hexanediol, diethylene glycol and dipropylene 
glycol. Also suitable however are diesters of lerephthalic acid with glycols with 2 to 
4 carbon atoms, e.g. terq>htha]ic acid-bis-etbylene glycol or terephthalic acid-bis- 

15 U4-butanedioi, hydroxalkylene ethers of hydroquinone, e,g. 1,4-di-O- 
hydroxyethyl)*hydroquinone, ethoxylated bisphenols, e-g. i,4-di-(p-hydroxyethyl> 
bisphenol A« (cyclo)aliphatic diamines such as isophorone diamine, ethylene 
diamine, 1,2-piopylene diamine, l^-piopylene diamine, N-methyl-propyleae-l,3- 
diamine, N,>r-dimethylethylene diamine and aromatic diamines such as 2,4- 

20 toluylene diamine, 2,6-toluylene diamine, 3,5-diettiyl-2,4-toluylene diamine or 3,5- 
diethyl-2,6*toluylene diamine or primary mono, di, tri or tetraalkyl substituted 4,4 * 
diaminodiphenyl methanes. Ethanediol, U4-butanediol, 1,6-hexanediol, 1,4-di-O- 
hydroxyethyl)-hydroquinone or l,4-di*<P-hydroxyed)yl)-bisphenol A are particularly 
preferably used as chain lengtheners. Mixtures of the chain lengtheners mentioned 

25 above may also be used. In addition small amounts of triols may also be used. 

Compounds, which, are monoiimctional with regard to isocyanates may be used in 
amounts of up to 2 wt.%, with respect to TPU, as so called chain tenninators. 
Suitable compounds are e.g. monoamines such as butyl and dibutylamine, 
30 octylamine, stearylaniine, N-methylsteaiylamine, pyrrolidine, piperidme or 
cyclohexylamine, monoalcohols such as butanol, 2-ethylhexanol, octanol, 
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dodecanol, stearyl alcohol, the various amyl alcohols, cyclohexanol and ethylene 
glycol monomethyl ether. 

The substances which read with isocyanate must be selected m such a way diat their 
5 average fUnctionaliQf does not exceed two if theimoplastically processable 
polyurethane elastomers are intended to be prepared. If higher functional compounds 
are used, the overall functionality must be lowered by means of monofunctional 
compounds. 

10 The relative amounts of compounds (Bl) and (B2) in OB) are preferably selected so 
that the ratio of the sum of isocyanate compounds in (A) to the sum of Zerewitinoff- 
active hydrogen atoms in (B) is 0,9 : 1 to 1.2 : 1, preferably 0,95 ; 1 to 1.1 : L 

Thermoplastic polyurethane elastomers according to the invention may contain up to 
15 a maximum of 20 wt%, with respect to the total amount of TPU> of conventional 
atixiliary agents and additives as auxiliary agents and additives (C), Typical 
auxiliary agents and additives are catalysts, pigments, colorants, flame retardants, 
stabilisers against ageing and the efifects of the weather, plasticisers, lubricants and 
mould release agents, substances which combat fungi and bacteria and fillers and 
20 mixtures thereof 

Suitable catalysts according to the invention arc conventional tertiary amines known 
ftom the prior art such as e.g. tri^hylamine, dimethylcyclohexylamine, N- 
methylmorpholine, N,^P-dimethylpipOTzine, 2-(dimethylamino-ethoxy)-ethanol, 

25 diazabicyclo[2.2.2]octane and die hke and» in particular, also organic metal 
compounds such as titanates, iron compoimds or tin compounds such as tin 
diacetate, tin dioctoate, tin dilaurate or the tin dialkyl salts of aliphatic carboxylic 
acids such as dibutyltin diacetate or dibutyltin dilaurate or the like. Preferred 
catalysts are organic metal compotmds, in particular tttanates, iroif and tin 

30 compounds. The total amount of catalysts in the TPUs according to the invention is 
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genecaUy about 0 to 5 wt%» preferably 0 to 2 wt%, with respect to the total amount 
ofTPU. 

Bcamples of other additives are lubricants, such as &tty acid esters, their metal 
soaps> fatty acid amides^ fatty acid ester amides and silicone conqsounds, anti- 
blocking agents, inhibitors^ stabilisers to protect against hydrolysis, light, heat and 
discoloration, flame retardants, colorants, pigments, inorganic and/or organic &]lecs 
and reinfi>rdng agents. Reinforcing agents are in particular fibrous reinforcing 
agents such as e.g. inorganic fibres which are prq}ared in accordance with the prior 
art and may also be provided with a coating of size. More detailed data on the 
auxiliary ag^ts and additives mentioned may be obtained fi'ora the specialist 
literature, for example from the monograph by J.H. Saunders and K.C. Frisch "High 
Polymers", voL XVI, Polyurethane, part I and 2, Verlag Interscience Publishers 
1962 and 1964, Taschenbuch fiir Kunststoff-Additive by R. Gachtcr and H. Miiller 
(Hanser Verlag Munich 1990) or DE'A 29 01 774. 

Components (A) and (B) are mixed homog^eously in a reactor within a period of at 
most 5 seconds. The thorough mixing preferably takes place with a small amount of 
back-mixing. Homogeneous thorough mixing in the cont^t of the invention means 
that the concentration distribution of components (A) and (B) and of the reaction 
product in the mixture has a relative standard deviation of less than 5 %. A small 
amount of backncnixing in the context of this invention means that the residence time 
in the reactor corresponds to that in a series of > 10 ideal stirred tanks (stiired tank 
cascade). 

Before components (A) and (B) are introduced continuously into the reactor, they 
must be heated,, separately fiom each other, preferably in a heat exchanger, up to a 
temperature between 60 and 220^C, preferably between 90 and 190*C. According to 
the invention, it is essential that the temperatures of the two components (A) and (B) 
differ by less than 20''C before being introduced into the reactor. The temperature 
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differetice b^een the component streams (A) and CB) is preferably < lO^C, in 
particular <5''C. 

Hie mixture obtained in this way is dien converted into TPU in any type of reactor, 
preferably an extruder or a reaction tvbe. 

According to the invention polyaddition is preferably performed in an insulated and 
preferably beatable static mixer. This has the advantage that it has no moveable parts 
and that homogeneous^ thorough mixing with virtually no back-mixing can take 
' place in the shortest possible time. Static mixers which can be used according to the 
invention are described in Chem.-Ing. Techn. 52, No. 4 on pages 285-291 and in 
"Mischen von Kuoststoff und Kautschukprodukten", VDI-Verlag, DOsseldorf 1993. 

Static mixtures in accordance with DE-C 23 28 795 are prefwably used. The static 
mixeis preferably have a length to diameter ratio of 8:1 to 16:1, in particular 10:1 to 
14:1. The residence time in the static mixer is <5 seconds, preferably <2.5 seconds. 
The static mixers are preferably made iGrom stainless steely in particular fiom V4A. 

In a further preferred embodiment, the process according to the invention is 
performed in a twin shaft extruder, whose shafts preferably rotate in the same 
direction. In this case the first pail of the extruder cain also be used to heat up the 
tsocyanale component (A). 

TPUs prepared by the process according to the invention may optionally be fiirthra- 
processed, e.g. by annealing die polymer in the form of sheets or blocks, crushing or 
granulating in shredders or mills, degassing and granulating with melting. The 
polymer is preferably taken to a system for continuous degassing and extmdate 
pioductipn. This unit may be ag. a muld-screw machine which if possible is 
provided with no kneading elements, or with only a few kneading elements. 
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The present invration also fmvides the thetmoplastic polyurethane elastomm 
obtained using the process according to the invention. It has to be regarded as 
surprising that the moulding compositions prepared according to the invention have 
a high degree of homogeneity and improved melting characteristics. 

Thennoplastic polyurethane elastomm obtained according to the invention are 
preferably used to prepare films and readily melted coextmded products such as 
laminates, calandered pnxiucts» hot melt adhesives and for powder-slu^ coextmded 
products. 
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Examples 
Example 1 

1630 g/h of MDI and 268S g/h of a mixture of polybutanediol adipate (average 

molecular weight Mb = 800)^ which contained 200 ppm of a tin dioctoate, and 
butanediol in a ratio by weight of 6.9:1 were metered into a static mixer, separately 
from each other. The MDI and the polyol^utanediol mixture each had a ten^erature 
of 140bi:tO''C. Premixing the components took place in a static mixer with all-round 
heating (model SMX, Sulzer AG) and with a diameter of 6 mm, a length of 6 cm and 
a mte of shear of 500 s'^; the reaction was performed in a reaction tube with mixing 
elements at the eadL 

Using this process, TPU could be produced for more than 90 minutes without a 
pressure increase being observed in die static mixer. 

Example 2 

This test was performed in the same way as in example 1 with the difference that the 
temperature of the reactant streams was i60db5*'C. Even under these conditions, TPU 
could be produced for more than 90 minutes without a pressure increase being 
observed in the static mixer. 

Example 3 f comparison^ 

The following temperature profile was preset in a reaction extiusion plant of the 
ZSK 83 type: housing M: 120^C, housing 5-9: no temperature guidelines, housing 
10-13: 120^0, head: 200T. The same formulation as in example I was used, the rate 
of rotation was 300 tpm» the throughput 600 kg/h. MDI was metered into housing 1. 
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The temperature of the MDI at Qie entrance to housing S was about 9(fC, The 
polyol/butanediol mixture with a temperature of 140°C was met^ned into housing 5. 

The results of examples 1 and 2 and of comparison example 3 are given in Table I. 
The recrystallisation temperature was determined by DSC measurement with a 
calorimeter of Qie Perkin Bfaner DSC 7 type. The product obtamed in the comparison 
example had a peak maximum at a higher temperature during DSC measurement 

Whereas the melt flow index MFI for the TPUs prepared in the examples according 
to the invention increased by a factor of only 2 on increasing the temperature from 
190^C to 2(Xy*Cy this value increased by a factor of 5 in the comparison example. The 
low temperature dependence of the melt flow index MFI (ratio of MFI at 200*'C to 
MFI at IWQ and the higher MFI value of the TPUs prepared according to the 
invention indicate improved melting characteristics. 



Table 1 





Example 1 


Example 2 


Example 3 
(comparison) 


Recrystallisation temperature [**€] 


85 


87 


102 


Melt flow index MFI ** 
(190"'C)[g/lOmin] 


27 


25 


4.7 


Melt flow index MFI ** 
(20(rC)[g/10min] 


55 


52 


20.3 



measured in accordance with ASTM D1238. 



EMmnle 4 fcomnarison^ 

The test was performed m the same way as example 1, but the temperature of the 
MDI at the entrance was 60^C and that of the polyol/butanediol mixture was 140°C 
After about 10-15 minutes, the pressure in the static mixer had already increased to 
>50 bar, so the experiment had to be temiinated. 
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Using the industrially conventional high temperature differrace of 80^C between the 
starting components, intense inhomogeneities are observed due to poor mixing. This 
leads to accretions in the static mixer due to cioss-Iinking reactions or premature 
deposition of ciystallites. 

5 

1194 g/h of HDI and 3800 gfli of a mbcture of polytetrahydrofUran (average 

molecular weight M „ = 1000) and butanediol in the ratio by weight of 1 1,5:1 were 
10 metered separately into a static mixer. The temperatures of the HDI and 
polyol/butanc diol mixture wore each 90±10**C A static mixer with all-round heating 
(model SMX, Sulzer AG) and with a diameter of 6 mm, a length of 6 cm and a rate 
of shear of 500 s^^ was used to achieve mixing; the reaction was perfonned in an 
extruder at the end. 

15 

Example 6 fcomparfcoa) 

The test was performed in the same way as in example 5, but HDI was mtroduced to 
the reactor at a temperature of 23°C and the polyol mixture was introduced at a 
20 temperature of 80"C. 

The results of example 5 and comparison example 6 are given in Table 2. This 
shows that the TPU produced by the process according to the invention has 
improved melting characteristics. The low scatter among individual values of the 
25 melt flow index MFI within one measurement for die product ptepdxed according to 
the invention may be taken to indicate a high degree of homogeneity^ 
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Table 2 





Example 5 


Example 6 
(comparison) 


Reciystallisation tempentuie T, [°C] 


68 


78 


Melting point CC) 


180 


190 


Melt flow index MH * (l9(fQisflO min] 


49,6±2 


55 (scatter 32-60) 



* measured in accordance with ASTM D1238. 



TPU formulation: 

1 .0 moles polybutylene adipate, M ^=840 g/mole 
13 moles 1 ,4*butatte diol 
2.3 moles MDI 

200 ppm tin dioctoate (with respect to polybutylene adipate) 
0,2 wt% Loxamide (with respect to the total amount of TPU) 

The components were metered into an extmder of the ZSK 83 type» which operated 
at a speed of 300 ipm and had a throughput of 600 kg/h. The temperature profiles set 
via die housmg temperatures of the extruder are given in Table 3. In examples 7-9> 
MDI was metered mto the first housing and the polyol mixture consis&)g of 
polybutylwe adipate and 1,4-butanediol was metered into the fifUi housing in the 
extroder. The temperature of the MDI in example 7 was about 60*C, in example 8 
about 120°C» in example 9 about 130^C. In example 10, the MDI was heated to 
130''C. the polyol mixture to lAffC, then both reactant streams were fed into the first 
housing. The catalyst was added to the polyol mixture each time, loxamide was 
admixed with the isocyanate. 
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Table3;P re-sct screw housing temperatures 



1 f JltlMlMrinr 


7 


8 


9 


10 




80**C 


14<yC 


140*C 


none 


2 


80^ 


14{y>C 


140^0 


none 


3 


80'C 


140^C 


140*C 


none 


4 


none 


140^C 


14(rC 


none 


5 


none 


none 


none 


none 


6 


none 


none 


none 


none 


7 


none 


none 


none 


none 


S 


none 


none 


none 


none 


9 


none 


none 


none 


none 


10 


none 


loo^c 


io(rc 


lOO^C 


11 


none 


lOO'^C 


lOO^C 


lOO^C 


12 


15(rC 


120^C 


12(fC 


lOO'C 


13 


locrc 


120^C 


12(rC 


lOO^C 


Head 


200*C 


200^C 


200^C 


200"C 



Films were prepared from the products obtained using an extrusion blow moulding 
5 plant The TPU granulate was melted in a single shaft extruder model 30/2SD 
Plasticorder PL 2000-6 (Brabender Co.) (rate of addition 3 kg/h, temperatures 185- 
205''Q and extruded through a film blowing heacl to give a tubular fihn. The 100 % 
modulus of the product was determmed in accordance with DIN 53S04/NSL The 
results are given in Table 4. 

10 

Zabki 



Example 


Temperature 


Temperature 


Film properties: 


100% 




polyol mixture 


MDI 


specks/structure 


modulus 


7* 






many/voy obvious 


12 


8* 


14<fC 


120?C 


some^obvious 


11 


9 




I3<yc 


voy few/very little 


11 


10 


\WC 


i3(rc 


none/bone 


11 



* Comparison example, not according to the invention 
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h A process for the continuous preparation of thermoplastic polyurethane 
elastomers in which 

one or more polyisocyanates (A) and 

a mixture (B), with Zerewitinoff-active hydrogen atoms, comprising 



10 Bl) 1 to 85 equivalent-%, with respect to the isocyanate 

groups in (A), of one or more compounds with on average at 
least L8 Zerewitinoff-active hydrogen atoms and an average 
molecular weight M^of450 to 10000, 



5 



15 B2) 15 to 99 equivalent-% (with respect to the isocyanate 

groups in (A)) of one or more chain Imgthening agents with 
an average at least L8 ZerewitinofT-active hydrogen atoms 
and a molecular weight of 60 to 400, and 

20 0-20 wt%» with respect to the total amount of TPU, of further 

auxiliary agents and additives (C) 

are homogeneous^ premixed in a reactor within a p^od of at most 
5 secondSy wherein the di£ference between the temperatures of components 
25 (A) and before entering die reactor, is <2(fC. 

2. A process according to Claim U in which the tempmture of components (A) 
and (B) before entrance to the reactor is between 60°C and 220°C. 



30 3. A pix)cess according to Claim 1 . in which the reactor is a static mixer. 
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4. A process according to Claim 3, characterised in that the static mixer has a 
length to diameter ratio in die range fix>in 8:1 to 16:1. 

5 . A process according to Claim I , in which the reactor is a twin shaft extrude. 

6. A process according to Claim 1, in which the mixture obtained is reacted in 
an extruder or a tubular reactor to give thermoplastic polyurethane 
elastomers. 

7. Thermoplastic polyurethane elastomers pr^ared according to the process in 
accordance with Claim 1 . 

8. Use of the thermoplastic polyurethane elastomers prepared in accordance 
with Claim 1 for preparing fihns, laminates, calendered products^ hot melt 
adhesives and powder-slush coextruded products. 



